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PATTERNED FELTS FOR BULK AND VISUAL AESTHETIC 
DEVELOPMENT OF A TISSUE BASESHEET 



REFERENCES TO EARLIER FILED APPLICATION 

The present application claims the benefit of the filing date under 35 
U.S.C. § 1 19(e) of Provisional U.S. Patent Application Serial No. 60/173,628, 
filed December 29, 1999, which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to papermaking felts and a method for 
forming high bulk and decorative paper. More particularly, the invention is 
directed toward patterned papermaking felts for molding or embossing a web 
during papermaking, and the method of their use. 

BACKGROUND OF THE INVENTION 

In the manufacture of paper products, particularly tissue sheets, it is 
generally desirable to provide a final product with as much bulk as possible 
without compromising other product attributes. Many papermaking machines 
utilize a process known as "wet-pressing." Fundamentally, in "wet-pressing," 
a large amount of water is removed from the newly-formed web of paper by 
mechanically pressing water out of the web, while the web is supported on a 
papermaking felt, in a pressure nip. The pressure nip is formed between the 
pressure roll and a Yankee dryer surface as the web is transferred from a 
papermaking felt to the Yankee dryer. The web may then be creped to soften 
it and provide stretch to the resulting tissue sheet. A disadvantage of the 
pressing step is that the pressing step may densify the web, thereby 
decreasing the bulk and absorbency of the tissue sheet. The subsequent 
creping step may only partially restore the desired sheet properties. This 
wet-pressing step, while an effective dewatering means, may compress the 
web and causes a marked reduction in web thickness and hence bulk. 

Papermaking felts may be used to remove the water expelled from the 
web during the wet-pressing operation. One improvement to conventional 



felts is the application of a pattern to the felt. The pattern is imprinted into the 
tissue sheet, thereby producing a corresponding high density pattern in the 
paper. Generally, in the past, the corresponding high density pattern occurs 
in the X-Y direction, i.e., within the plane of the paper, in almost all cases, the 
tensile strength of the paper increases with its density. 

One manner in which to apply a pattern layer to a papermaking felt is 
described in U.S. Patent No. 5,693,187 issued to Ampulski et al. The pattern 
layer is created by applying a liquid precursor, typically a curable resin, to the 
felt. Prior to curing, this liquid precursor permeates the felt. The desired 
portion of the resin is cured, typically through a patterned mask, to form 
a solid pattern layer. Any excess liquid resin is removed. Such permeation of 
the liquid precursor into the felt joins the patterned layer to the felt upon 
curing. 

However, this approach, without more, does not control where the 
liquid precursor, and hence ultimately after curing, the patterned layer 
permeates the felt. If too much of the liquid which forms the patterned layer 
permeates the felt and later cures, the felt becomes impermeable. An 
impermeable felt is undesirable because it does not allow for water removal 
from the wet web which is in contact with the felt. 

Other patterned papermaking felts are generally made with various 
hardnesses of yarns woven into the felt material as generally disclosed in U.S. 
Patent No. 4,533,437 to Curran et. al. The hard yarns in the felt, when 
pressed against the web during drying, provide for varying densities in the 
resulting paper produced. The approach disclosed in Curran et. al. is limited 
by the indirect contact of the yarns with the sheet and the patterns that can be 
woven using the yarns. Hence, the felts generally disclosed in Curran et al. 
have only limited ability to influence sheet bulk and are unable to impart 
aesthetically pleasing patterns to the sheet. 



SUMMARY OF THE INVENTION 

The present invention provides new and non-obvious patterned felts for 
embossing a pattern onto a tissue sheet and methods for imparting bulk 



and/or visual aesthetics to a tissue sheet. Individual tissue sheets are the 
building blocks of tissue products. Tissue products include, but are not limited 
to, facial tissue, bath tissue, and paper towels or the like. A first aspect of the 
invention is directed to the combination of a felt substrate for pressing 
a pattern onto a tissue sheet joined to a raised patterned layer. The felt 
substrate is joined to the raised patterened layer by an attachment 
mechanism. 

In a second aspect of the invention, there may also be embodied a 
method for making a tissue sheet having increased bulk and visual aesthetics 
using a raised pattern felt including the steps of pressing the web with a 
patterned felt so that the pattern becomes inherent in the sheet. In order to 
accomplish this, the felt is produced, with a design, such as a butterfly, 
embroidered or otherwise stitched into the raised pattern layer. A bonding 
coating, such as a foam, may be applied over the raised pattern layer, the 
pattern being evident in the bonding coating. In one embodiment, "patterned" 
may mean having a plurality of projections from the web-contacting surface of 
the carrier which may be arranged in a manner so as to form a design or 
pattern. As the web is pressed into the felt substrate joined with the patterned 
foam layer, the pattern displaces fibers in the sheet, effectively inducing the 
pattern in the web. The degree of bulk or visual aesthetics imparted to the 
web is dependent on web weight, sheet consistency, bonding coating layer, 
and nip pressure. Increasing nip pressure and decreasing sheet consistency 
may effect bulk or visual aesthetics. Further, the degree of bulk or visual 
aesthetics may also be influenced by larger patterns extending into the z 
direction, the direction perpendicular to the plane of the felt. 

One advantage of a preferred embodiment of the invention is that the 
patterned felts can impart significantly increased bulk, increased flexibility, 
and a high absorbent capacity to the resulting tissue product. These 
improved properties are largely due to the height, orientation, and 
arrangement of the resulting protrusions in the sheet due to the felt having a 
patterned layer thereon. All of these properties are desirable for tissue 



products. The tissue sheets made in accordance with this invention can be 
used for one-ply or multiple-ply tissue products. 

One advantage of an embodiment of the present invention is the 
addition of bulk and visual aesthetics to a tissue product. A further advantage 
of an embodiment of the present invention is that the resulting tissue product 
has an increase in bulk without a reduction in tensile strength of the tissue 
product. 

A further advantage of one embodiment of the invention is to provide 
a method for adding bulk and visual aesthetics to a tissue product through 
a patterned layer joined to the felt without having to change any other 
machine clothing, equipment, or critical process values. 

The invention will be better understood in light of the attached drawings 
and detailed description of the invention. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a planar view of the patterned felt of the present invention. 

Figure 2 is a cross section view along line 2-2 of Figure 1 of the 
patterned felt of the present invention. 

Figure 3 is a graph of the tensile strength for the sample and control 
tissue sheets formed from the present invention. 

Figure 4 is a graph of the bulk for the sample and control tissue sheets 
formed from the present invention. 

Figure 5 is a schematic diagram of a typical tissue making apparatus, 
which is useful for making the tissue products of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the invention, as shown in Figures 1 and 2, the felt 
1 comprises a substrate layer 2 having a flat carrier layer 3 adhered or joined 
thereto. A pattern or design 8 is stitched into the carrier layer 3. The substrate 
layer has a first surface 4 and a second surface 5 opposite the first surface 4. 
The patterned carrier has a first face 6 which contacts the tissue web and a 
second face 7 which contacts the first surface 4 of the substrate layer 2. The 



carrier layer is preferably a non-woven material, such as a spunbond material, 
and has a raised pattern 8 stitched thereon. By "raised" it is meant having a 
plurality of projections 9 which are stitched into the web-contacting surface of 
the carrier. The stitched projections may be arranged so as to form a design 
or pattern. In one embodiment, the felt 1 may additionally comprise a load- 
bearing woven base fabric 12. The load-bearing base fabric integrates the 
substrate 2 while providing sufficient strength to maintain the integrity of the 
patterned felt 1 as it travels through the Yankee dryer 16 section (shown in 
Figure 5) of the paper machine. Further, the substrate is sufficiently porous to 
enable water to flow through the patterned felt 1 from the web carried by it. 

In the embodiment of Figure 2, a bonding coating layer 1 1 is coated 
over the first face 6 of the patterned carrier layer. The bonding coating layer 
1 1 acts so as to stabilize the structure. In an embodiment, the bonding 
control layer may be a porous polymer material. A preferred polymeric 
material is an acrylic nitril latex material made by a foaming process, applied 
at 0.25 pounds per square foot. 

The substrate 2 is generally a conventional felt or any other material to 
which a patterned layer may be adhered or joined. By conventional "felt" it is 
generally meant a firm woven cloth, and often made with synthetic and/or 
natural fibers, which is heavily napped and shrunk. Generally, the base 
fabric 1 2 is a woven nylon wire similar to a paper machine forming wire that 
lends integrity and/or strength to the felt. A Flex 1 base fabric from Voith 
Fabrics of Appleton, Wisconsin, is suitable for the substrate 2. 

The carrier 3 of the present invention may be made of a lightweight 
spunbond material. In a preferred embodiment, the carrier 3 may be made of 
nylon, such as a 50 gsm Cerex PBN II spunbond nylon. The carrier may be a 
flow control layer as described in U.S. Patent No. 5,372,876 to Johnson, 
hereby incorporated by reference. In fact, a preferred felt 1 may be a felt as 
described in the Johnson patent, with the pattern 8 formed in an outer layer 
that will be in contact with the tissue web. The pattern 8 is preferably stitched 
into the carrier. In an alternative embodiment, the pattern 8 in the carrier 3 is 
formed by embossing. The raised pattern carrier 3 may be joined to the felt 



via an attachment mechanism, in a preferred embodiment, needling. In yet 
another embodiment, the attachment mechanism may be an adhesive. 
Preferably, the raised pattern layer is attached throughout the length and 
width of the fabric. 

It should be mentioned that the wet pressing paper machine utilizing 
the patterned felt is substantially the same as a conventional overall wet 
pressing papermaking machine except for the special characteristics of the 
dewatering and imprinting patterned felt described in detail above. 

A tissue sheet of the invention having increased bulk and visual 
aesthetics is formed by the following novel method. Briefly, as shown in 
Figure 5, a web 13 of wet papermaking fibers, also known as a furnish, is 
deposited onto a forming fabric 22 and then transferred to a felt 1 of the 
present invention having a patterned carrier layer 3 thereon. The forming 
fabric 22 is an initial fabric or wire mesh upon which the furnish is first laid so 
as to begin the dewatering process. The web 13 is pressed against the 
patterned felt 1 of the present invention. At this point, the web 13 is deflected 
wherein it is macroscopically rearranged to substantially conform the web 13 
to the contour of the patterned felt 1 . Preferably, the web 13 and patterned 
felt 1 are passed through a nip 20 formed by a pressure roll 17 and a Yankee 
drying cylinder 16 so as to deposit the web 13 on the surface of the drying 
cylinder and further impress the pattern into the web 13, also referred to as a 
tissue basesheet. As the dewatering and imprinting patterned felt 1 of this 
invention and the paper web 13 travel through the nip 20, the raised pattern in 
the felt 1 increases the density of those portions of the dewatered sheet 1 5 
between the raised pattern of the felt 1 and the dryer surface to a greater 
degree than those portions of the dewatered sheet 15 that are being pressed 
against the surface of the dryer 16 by the valleys located between adjacent 
raised pattern material in the carrier 3. After the dewatered sheet 15 is dried 
on the Yankee dryer 16, it is creped off the drying cylinder by means of a 
doctor blade 18, thereby leaving a pattern on the sheet 15. In one 
embodiment, the density of the sheet, due to the patterns, is generally not 
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uniform. The sheet 15 is finally dried to a consistency of about 94 percent or 
greater on the Yankee dryer 16. 

The final sheet 15 has a tissue sheet weight in the range of 7 to 1 00 
gsm with a preferred basesheet weight of approximately 20 gsm. 
5 The following Example is provided as exemplary only and further 

embodiments commensurate with the spirit of the invention are envisioned. 

TESTING AND EXAMPLES 
Six felts A-F of the present invention along with a control felt were 
tested in the production of a tissue sheet with increased visual aesthetics 
10 and/or bulk. Six standard TAPPI handsheets were made (numbered 0-5 in 

the following tables and graphs), one from each experimental felt. A standard 
TAPPI handsheet was also made from a control felt. The control felt had no 
visible raised patterns on it like the inventive felts. The following tables 
delineate the features of each of the sample felts of the present invention 
15 along with their particular characteristics. 

SAMPLE FELTS 



Sample 
Number 


Weight 
(OSF) 


Air 

Permeability 
(CFM) 


Caliper 
(Mils) 


Feature 


0 


4.23 


46 


116 


A 


1 


4.23 


47 


115 


B 


2 


4.18 


44 


114 


C 


3 


4.22 


43 


113 


D 


4 


4.27 


35 


114 


E 


5 


4.27 


35 


112 


F 



TABLE OF FEATURES 



Feature 


Characteristic 


A 


Butterfly pattern 


B 


25% reduced butterfly pattern 


C 


Butterfly pattern with foam top- thin foam formulation 


D 


25% reduced butterfly pattern with foam top - thin 
formulation 


E 


Butterfly pattern with foam top - thick formulation 


F 


25% reduced butterfly pattern with foam top - thick foam 
formulation 



All felts samples A-F have a "butterfly" pattern stitched into the carrier. 
A butterfly pattern which has a 25% higher yarn density than used in felt 
sample A is termed "25% reduced." A "foam top" refers to an acrylic nitril 
latex foam coating layer attached to the carrier layer. A "thin foam 
formulation" refers to a generally lower viscosity foam material coating 
partially saturating the surface of the carrier layer. A "thick foam formulation" 
refers to a generally higher viscosity foam formulation that penetrated less 
than the thinner foam. 

A tissue sheet was produced using the standard TAPPI basesheet 
method for 48 gsm tissue sheets. The Technical Association of the Pulp and 
Paper Industry (TAPPI) is an industry group that supports the pulp and paper 
industry. As one of its functions, it develops and sets test standards. In this 
instance, TAPPI specifies a standard method for making handsheets that 
persons skilled in the paper industry would recognize. The furnish used in the 
formation of the standard TAPPI tissue sheets for both the inventive and 
control felts was approximately 50 percent LL19 and 50 percent eucalyptus. 
50% LL-1 9 describes a mixed furnish containing 50% of a Kimberly-Clark 
Corporation manufactured pulp called LL-1 9, which is a northern softwood 
Kraft. The rest of the furnish was eucalyptus, which was also pulped by the 
Kraft process. A number 2 handsheet mold was used. The paper was dried 
for 3 minutes and 20 seconds. 

Generally, in a commercial scale example, as shown in Figure 5, the 
steps in the process of tissue formation comprise the following: the beaten 
pulp flows through a headbox 21 and forms into a thin web 13 by depositing 
the fiber on a moving wire 22, then the web 13 is dried by pressing the water 
out against a felt, then the dewatered sheet 1 5 is transferred with a smooth 
pressure roller 17 and creped using a doctor blade 18 and after being 
thermally dried on a Yankee dryer 16 and wound into rolls 19. Alternative 
drying methods, such as one or more throughdryers, can be used of in place 
of or in addition of the Yankee dryer 16. The wet-pressing removes water but 
densities the sheet. 



The novel new step in the drying stage to increase bulk in the test 
examples was to form the sheet on the handsheet mold per the standard 
TAPPI procedure, remove the sheet with a blotter, put the blotter with the 
sheet on the raised patterned felt 1 of the present invention in a standard 
press, press the sheet and then put the sheet and the blotter on a standard 
dryer to dry. Blotter paper is a thick piece of paper resembling thin cardboard 
that is used to pick up a sheet of paper off a surface. Basically the paper 
furnish adheres to the blotter paper and hence can be manipulated even 
though the paper in question is still being formed and is wet. 

The standard TAPPI drying was modified by eliminating the bottom 
weight and also substituting a lighter rod in the canvas that covers the sheet 
during drying. The bottom weight is a weight attached to a piece of canvas 
that covers the sheet while it is being dried during the test procedure of the 
present invention. The weight serves to make certain that the canvas is held 
tightly on the sheet. The weight was eliminated by simply not attaching it to 
the canvas. A metal rod within the canvas serves a similar purpose. The 
metal rod was eliminated by simply removing it from the canvas. These 
modifications during the test procedure were merely made to not flatten the 
sheet and hence remove the pattern during drying. On an actual tissue 
machine, the pressing stage may be the only sheet-flattening operation. In 
this manner, weight is not added to the sheet during the drying part of the 
testing process because, during mass manufacturing of the sheet, the sheet 
has no weight on it on as it dries. 

The drying stage took approximately 3 minutes and 20 seconds to 
produce handsheets with increased bulk and visual aesthetics using raised 
pattern felts of the present invention. As shown in Figures 3 and 4, the 
following table delineates the results of the testing conducted on the 
handsheet formed with felts of the present invention. The paired values noted 
by letter identify statistically different bulk values within the pair but not with 
other pairs. Thus, the bulk of Sample No. 3 is statistically different than the 
bulk of Samples Nos. 1 , 5 and the control. Sample No. 3 thus represents a 



-10- 



preferred embodiment. The symbol x stands for mean value while S stands 
for standard deviation. 



HANDSHEET TESTING RESULTS 



Sample 
No. 


Basis 

Weight 

(GSM) 


Bulk 

(CC/G) 

X 


Bulk 
(CC/G) 
s 


Tensile 

Strength 

(G/in) 

X 


Tensile 
Strength 
(G/in) 
s 


Statistical 
Difference 


0 


54.57 


2.532 


0.112 


2731 


209 




1 


50.69 


2.405 


0.127 


2609 


237 


c 


2 


50.94 


2.537 


0.190 


2102 


261 




3 


52.58 


2.603 


0.089 


2230 


358 


a,b,c 


4 


53.23 


2.562 


0.160 


2161 


190 




5 


52.75 


2.436 


0.120 


2414 


302 


b 


Control 


52.7 


2.472 


0.136 


2987 


197 


a 



5 The above information on bulk and tensile strength is represented 

graphically in Figures 3 and 4. 

The disclosure is provided as an exemplary only and further 
embodiments commensurate with the spirit of the invention are envisioned. 
The invention is to be limited only by the following claims. 
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